One hundred and twenty-nine monoconidial isolates of Pyricularia grisea from rice were collected in Vietnam, mainly in the Mekong River Delta (MRD), in 1995-1996 to characterize their virulence. These isolates were classified into 12 pathogenic groups (races) based on their virulence to 12 Japanese differential rice varieties (modified Kiyosawa's differentials). Race 002.4 was predominant and was found in 10 provinces of MRD, followed by races 106.4, 006.4, 102.4 and 002.0. Differential varieties Aichi Asahi (which carries resistance gene Pia) and K59 (Pit) were susceptible to 93.8% and 86
INTRODUCTION
The Mekong River Delta (MRD) is major agricultural region in Vietnam. Covering only 12% of Vietnam's total land area, it supplies approximately half of the national rice output. Rice production in the MRD has rapidly increased because of the development of new cultural practices and expansion of the irrigation system. More than 70% of the rice varieties now cultivated in Vietnam are new high-yielding, short-duration varieties introduced by the International Rice Research Institute (IRRI) or are varieties with gene sources from the IRRI germplasm bank15). The concomitant application of high-density, direct seeding and high input nitrogen fertilizers provides intensive conditions that favor rice diseases. Blast has subsequently become on of the major rice diseases in the MRD, affecting an increasing area in recent years15).
Rice blast disease caused outbreaks locally before 1980 in the MRD and was not as important when local rice varieties were cultivated under traditional agricultural practices. However, after the outbreak of ragged stunt virus disease in 1978, rice varieties, such as IR36, MTL30 and MTL36, which are resistant to its insect vector, brown plant hopper (BPH), were introduced in the MRD to control the viral disease. Unfortunately, most of these BPH-resistant varieties were susceptible to blast15). The disease often caused severe damage to rice production after the early 1980s.
Although the cultivation of resistant varieties is the most promising method to control blast disease, race distribution of the causal fungus, Pyricularia grisea (Cooke) Sacc., has not been studied in detail in Vietnam. In this study, therefore, we studied the pathogenic specialization of isolates of the blast fungus and its race distribution in Vietnam, especially in the MRD. inoculation, the pathogenic race of each isolate was determined based on the virulence to the differential varieties2). The experiment was conducted at least three times. The same method was used to evaluate the resistance of the Vietnamese rice varieties to the four isolates.
MATERIALS AND METHODS

Collection
-s9)), Aichi Asahi (Pia17)), Ishikari Shiroke (Pii17)), Kusabue (Pik17)), Tsuyuake (Pik-m12)), Fukunishiki (Piz7)), Yashiro-mochi (Pita6)), Pi No.4 (Pita-28), Toride 1 (Piz-t18)), K60 (Pik- p10)), BL1(Pib11)
RESULTS
Pathogenic variability A total of 129 isolates of P. grisea from Vietnam were classified into 12 pathogenic races based on the virulence to the 12 Japanese differential rice varieties (Table 1) . Race 002.4 predominated; 31.0% of the isolates belonged to this race (Fig. 1) , followed by races 106.4 (19.4%), 006.4 (17.1%), 102.4 (14.7%) and 002.0 (7.0%). The other seven races were minor races in Vietnam.
Differential varieties Aichi Asahi and K59 were susceptible to most of the Vietnamese isolates. The percentages of virulent isolates to Aichi Asahi and K59 were 93.8% and 86.0%, respectively (Table 2) . Ishikari Shiroke and Yashiro-mochi were susceptible to approximately one-third of the isolates tested. On the other hand, Tsuyuake was susceptible to only two isolates, Regional race distribution As shown in Table 1 and Fig. 2 , a total of 112 isolates from the MRD consisted of 11 races. Race 002.4 predominated and was distributed in 10 provinces. Races 006.4, 106.4, 102.4 and 002.0 were also common in the MRD and were distributed in seven, seven, seven and five provinces, respectively. On the other hand, six races, 102.0, 000.4, 000.0, 006.0, 022.4 and 100.4 were minor races and found in only one or two provinces. Eight races including three minor races were distributed in Minhhai province in the MRD.
Although the number of isolates collected from other locations of Vietnam was insufficient, race 106.4 was predominant in the Red River Delta. Race 126.0 was obtained only in Thuathienhue province in the central part of Vietnam, but the other races were the same as those in the MRD.
Varietal resistance Resistance of 45 main rice varieties, which were either IRRI varieties or newly developed varieties in Vietnam, to four isolates belonging to different races was evaluated at the seedling stage (Table 3 ). The resistance pattern of these 45 varieties to the isolates was classified into eight groups. Isolates 98A (race 002.4) and 201A (race 106.4) were virulent to 18 varieties and 212A (race 102.4) was virulent to 13 varieties. On the other hand, isolate 30A (race 002.0) was virulent only to three varieties. Although the reactions of these varieties to each isolate were diverse, 12 varieties were resistant to all four isolates.
DISCUSSION
A total of 129 isolates of P. grisea which were collected in Vietnam (112 isolates in the MRD) was classified into 12 races based on virulence to the 12 Japanese differential varieties as proposed by Yamada et al.16) and Kiyosawa13). Race 002.4 was predominant, followed by races 106.4, 006.4 and 102.4. These dominant races were virulent to Aichi Asahi and K59 and avirulent to Shin 2, Kusabue, Tsuyuake, Fukunishiki, Pi No. 4, Toride 1, K60 and BL1 (Table 2) .
The virulence of these dominant races to the Japanese differential varieties seemed to be simple because five differential varieties, Shin 2, Kusabue, Fukunishiki, Pi No.4 and BL1, were resistant to all the isolates tested. Incidentally, these five varieties all harbor the resistance gene Fish in addition to their originally reported genes4). On the other hand, the reference variety AA/S2-3, which carries only the resistance gene Fish, was also resistant to all the isolates tested, while AA/S2-75, with only Pik-s, was susceptible to 95.3% of the isolates. As mentioned above, the differential variety Shin 2, carrying Fish and Pik-s, was resistant to all the isolates. Therefore, although whether the original resistance genes of the other four differential varieties are effective against all the isolates remains to be determined, the resistant activity of those original resistance genes may partially mask that of the resistance gene Fish. Hayashi et al.1) reported recently that a new dominant resistance gene Fi19 (t) was detected in many Japanese differentials except for Pi No.4, Yashiro-mochi and K1. Fi19 (t) was allelic or closely linked to Fita-2 on chromosome 12, and was extensively distributed among the traditional local Japanese varieties.
These results suggested that the pathogenic variability of the Vietnamese isolates was complex and that it may be difficult to classify Vietnamese isolates into pathogenic groups (races) using the Japanese differentials. On the other hand, Inukai et al.5) reported that the Kiyosawa's differentials were not useful in the Philippines because some of them showed an intermediate reaction to Philippine isolates and some carried more than one resistance gene against Philippine isolates. Therefore, it is important to breed a set of international differential varieties, as is currently being done at the IRRI114). We expect that using the new differentials we will be able to evaluate the pathogenic specificity of the blast isolates distributed in both temperate and tropical areas.
In a survey of blast race distribution in the KantoTokai district of Japan in 1994, Hayashi et al.3) found a significant shift from race 003 to race 007 in pathogenic race composition, when compared to the 1976 and 1980 surveys. They indicated that these changes in race composition were closely related to the changes in the cultivated varieties in each area.
In the coastal area of the MRD, rice can be cultivated only in the wet season because of the intrusion of salt water in the dry season. Many races, including three minor races, are distributed in the Minhhai province in MRD which is located along the coast and in the southern part of Vietnam. In Minhhai province, a large number of local varieties are cultivated in the coastal area, but only a few modern (improved) varieties are cultivated inland. These cultivated varieties with various genetic characteristics may be related to the diversity of race distribution in Minhhai province.
Race distribution in the other areas of Vietnam was identical to that in the MRD, except for race 126.4 collected from Thuathienhue province. Race 106.4 was common in the Red River Delta which is the second largest rice-growing area in Vietnam. Many new varieties from IRRI and China had already been introduced.
After the introduction of these new varieties, rice ecosystems in Vietnam changed rapidly as previouly mentioned15 
